Introduction {#section1-2333794X17714378}
============

Acute bronchiolitis (AB), which is the most common acute lower respiratory system disease in infants, is often caused by a viral infection. It is especially the leading cause of hospitalization in infants under 6 months of age.^[@bibr1-2333794X17714378],[@bibr2-2333794X17714378]^ Epidemic peaks of AB are frequently seen during the winter season. Respiratory syncytial virus (RSV) is usually the cause of 50% to 80% of the cases, but other viruses including adenovirus, influenza virus, and parainfluenza virus have also been reported to cause AB as the sole pathogen or as coinfection with or without RSV.^[@bibr3-2333794X17714378],[@bibr4-2333794X17714378]^ With various polymerase chain reaction (PCR) techniques, possible new agents like rhinovirus, human metapnomovirus, human bocavirus, *Bordatella pertussis*, and atypical pathogens were also described as the leading causes of AB.^[@bibr5-2333794X17714378][@bibr6-2333794X17714378]-[@bibr7-2333794X17714378]^ Having a cardiovascular disease, chronic pulmonary disease, immunodeficiency, and premature birth increase the risk of AB-associated respiratory failure, or even death.^[@bibr8-2333794X17714378]^ The World Health Organization has reported that RSV is the causative pathogen for over 30 million new acute lower respiratory infection episodes in children under 5 years of age and it gives rise to more than 3.4 million hospital admissions and 160 000 deaths every year.^[@bibr9-2333794X17714378],[@bibr10-2333794X17714378]^

The diagnosis of AB is made based on typical history with wheezing and characteristic clinical features such as tachypnea, nasal flaring, chest retractions, and wheezing and/or rales followed by a viral upper respiratory infection in infants. The American Academy of Pediatrics (AAP) 2006 Clinical Practice Guidelines for the Diagnosis and Management of Bronchiolitis described AB as the first episode of wheezing in children under 24 months of age who have respiratory findings during the viral infection episode.^[@bibr11-2333794X17714378]^ Chest radiographs and laboratory studies may be thought of on clinical suspicion after evaluating the differential diagnosis for secondary or comorbid bacterial infection, complications, or other conditions. Viral diagnosis methods including antigen detection or immunofluorescence of nasal secretion wash or nasal aspiration, rapid antigen tests, and PCR are only suggested for identifying specific viral agents in children with bronchiolitis if the results will determine discontinuation of palivizumab prophylaxis, initiation or continuation/discontinuation of antibiotic therapy.^[@bibr12-2333794X17714378][@bibr13-2333794X17714378][@bibr14-2333794X17714378]-[@bibr15-2333794X17714378]^

Majority of studies have recently researched the burden of respiratory viral tract infection agents in AB with larger groups. In these studies, epidemiological, clinical, and risk factors of AB have also been defined. So, it can be said that AB is frequent in infancy and that there is an increase in the number of admissions to hospitals and bronchiolitis-related morbidity.

The purpose of this study was to evaluate the frequency of pathogens and to determine the differences in clinical and microbiological features among patients under 24 months of age, who were hospitalized with AB in Ege University Children's Hospital.

Materials and Methods {#section2-2333794X17714378}
=====================

Patients and Sample Collection {#section3-2333794X17714378}
------------------------------

Ege University Children's Hospital, a tertiary care pediatric teaching hospital, is a 200-bed hospital located in heavily populated area of Izmir. It serves nearly 10 000 inpatients per year that are mostly from middle to low socioeconomic status. This study was approved by the institutional review board of Ege University Children's Hospital and was conducted during a 3-year period. A prospective cross-sectional study of children younger than 24 months who were hospitalized with AB was conducted between October 2013 and October 2016 at the General Pediatrics ward of Children's Hospital. The ethics committee of Ege University approved the study.

Infants who were hospitalized with AB were recruited with informed, written, parental consent. According to the recommendations of AAP guidelines, the diagnosis of AB was based on at least 2 of the following signs: chest retractions, tachypnea, and wheezing or rales on auscultation following viral upper respiratory tract infection in children less than 24 months of age for the first time.^[@bibr11-2333794X17714378]^ Excluded were infants who hospitalized within 2 weeks before the current admission, those who developed nosocomial AB, or those who had a known history of bronchopulmonary dysplasia or chronic lung disease or congenital heart disease or any immunodeficiency. Infants who were born prematurely were also excluded from the study. Detailed demographic data including age, gender, smoke exposure, and epidemiological data were collected with a structured questionnaire and from medical files of all patients on admission.

On hospital admission, clinical parameters and severity of the disease including wheezing, retraction, respiratory rate, and general situation were evaluated and assessed with Wang respiratory score.^[@bibr16-2333794X17714378]^ Each parameter was given points from 0 to 3 and then the child's points were added up to describe the severity of AB; points between 0 and 3 showed mild bronchiolitis, between 4 and 8 moderate, and points between 9 and 12 indicated severe bronchiolitis. Complete blood count (white blood cell count and percentage of lymphocytes) and C-reactive protein were measured at admission.

Respiratory Organisms Detection Assay {#section4-2333794X17714378}
-------------------------------------

A nasal smear was obtained from each infant and tested for the presence of RSV, influenza virus types A and B, adenovirus, parainfluenza viruses, human rhinovirus, human coronavirus, human metapneumovirus, and human bocavirus with multiplex reverse-transcription PCR methods (RealAccurate, Respiratory RT PCR, PathoFinder, Netherlands, and Seeplex RV15 ACE Detection, Seegene, South Korea). Nasal samples were obtained more commonly by a nurse or sometimes a research assistant on all subjects within 48 hours of admission using a standardized protocol.^[@bibr17-2333794X17714378]^ Samples were frozen at −20°C and transported on ice to the Department of Clinical Microbiology and Virology Laboratory of our university for viral nucleic acid amplification.

Statistical Analyses {#section5-2333794X17714378}
--------------------

Data analyses were performed using SPSS version 21.0. The quantitative data including percentage, mean, and standard deviations were calculated by simple descriptive analyses. Means ± SD were used to summarize the demographic data and the baseline characteristics of the cases. All analyses were conducted using SPSS (SPSS Inc, Chicago, IL).

Results {#section6-2333794X17714378}
=======

Demographic and Clinical Data of the Study Population With Acute Bronchiolitis {#section7-2333794X17714378}
------------------------------------------------------------------------------

Between April 2013 and April 2016, a total of 316 infants hospitalized with AB were included in this prospective study. The mean age was 7 ± 6.5 months; 201 (63.6%) were male ([Table 1](#table1-2333794X17714378){ref-type="table"}). The most frequent age range of infants with AB was 1 to 6 months, accounting for 63.6% of all included cases. Most of the patients had cough and runny nose on admission to hospital. Nearly half of the infants diagnosed with AB were exposed to passive smoking. There was a history of atopy in 12% of all the infants.

###### 

Demographic and Clinical Data of Infants Hospitalized With Acute Bronchiolitis.

![](10.1177_2333794X17714378-table1)

  ---------------------------------- ------------
  Age, mean ± SD, months             7 ± 6.5
  Age distribution, n (%)            
   1-6 months                        201 (63.6)
   7-15 months                       69 (21.8)
   16-24 months                      46 (14.6)
  Gender                             
   Male, n (%)                       201 (63.6)
   Female, n (%)                     115 (36.4)
  Personal history of atopy, n (%)   40 (12.7)
  Passive smoking exposure, n (%)    144 (45.6)
  ---------------------------------- ------------

Abbreviation: SD, standard deviation.

[Table 2](#table2-2333794X17714378){ref-type="table"} shows the clinical data and laboratory findings, disease severity scores, hospitalization rates, and duration of hospitalizations of the infants. The most common complaint of the patients was cough (100%), and fever was present only in 88 (27.8%) of all the cases on admission to hospital. On examination, the percentage of infants with wheezing was 58. Ninety-six (30.4%) infants needed oxygen supplementation, and the mean length of hospitalization duration was 7.5 days. More than half of the infants had moderate bronchiolitis and the mean respiratory score was 5.3.

###### 

Clinical Features and Laboratory Measurements of Infants Diagnosed With Acute Bronchiolitis.

![](10.1177_2333794X17714378-table2)

  Clinical Characteristics                                              
  --------------------------------------------------------------------- ---------------
  Fever, n (%)^[a](#table-fn3-2333794X17714378){ref-type="table-fn"}^   88 (27.8)
  Wheezing, n (%)                                                       183 (58)
  Respiratory score, mean ± SD                                          5.3 ± 2.2
  Respiratory score, n (%)                                              
   Mild                                                                 73 (23.1)
   Moderate                                                             209 (66.1)
   Severe                                                               34 (10.8)
  Supplemental oxygen therapy, n (%)                                    96 (30.4)
  Hospitalization duration, mean ± SD, days                             7.5 ± 5.1
  Laboratory Findings                                                   
  White blood cell/mm^3^, mean ± SD                                     11 370 ± 4900
  Lymphocyte count (%), mean ± SD                                       44 ± 18
  C-reactive protein, mg/dL, mean ± SD                                  1.9 ± 1.1

Abbreviation: SD, standard deviation.

The percentages were calculated by dividing the value over the total number of patients tested (N = 316).

Prevalence of Respiratory Agents and Seasonal Patterns in Infants With Acute Bronchiolitis {#section8-2333794X17714378}
------------------------------------------------------------------------------------------

Acute bronchiolitis was diagnosed in 316 infants younger than 24 months of age. Overall, at least one respiratory virus was detected in 75% (237/316) of the cases at Ege University Children's Hospital. The results of the incidence of respiratory viruses in infants hospitalized with AB during the study period are shown in [Table 3](#table3-2333794X17714378){ref-type="table"}. RSV was identified in 127 (40.1%) of the 316 infants hospitalized for AB, and RSV was the most common agent. Of the 127 RSV-positive infants, 76 (59.8%) were sole pathogen for RSV and 51 infants had RSV-coinfection, which was responsible for respiratory tract infection. The second prevalent viral agent was rhinovirus, identified in 78 (24.6%) of the subjects, and as a single pathogen in 35 (44.8%). Furthermore, in this study, influenza virus types A and B (n = 28/316, 8.8%), human metapneumovirus (n = 27/316, 8.5%), adenovirus (n = 23/316, 7.2%), human bocavirus (n = 20/316, 6.3%), parainfluenza virus (n = 18/316, 5.6%), and human coronavirus (n = 10/316, 3.1%) were determined ([Table 3](#table3-2333794X17714378){ref-type="table"}). A single virus in 156/316 (49.3%), dual infections in 67/316 (21.2%), triple infections in 13/316 (4.1%), and quadruple infections in 1/316 (0.3%) were detected. Of the 81 infants with multiple agents, RSV (51 cases) was the most common virus followed by rhinovirus (n = 43, 53%), influenza virus (n = 18, 22.2%), human metapneumovirus (n = 16, 19.7%), PIV (n = 10, 12.3%), adenovirus (n = 16, 19.7%), human bocavirus (n = 13, 16%), parainfluenza virus (n = 10, 12.3%), and human coronavirus (n = 8, 9.8%). Among dual co-infections, the combination of RSV and rhinovirus had the the highest number (n = 15, 22.3%). The age distribution of infants is shown in [Figure 1](#fig1-2333794X17714378){ref-type="fig"} for RSV, rhinovirus, adenovirus, and dual infections. In particular, most viral agents were identified in children of all months, whereas RSV was detected in infants aged under 6 months (n = 93/127, 73.2%) and in 15.7% (n = 20/127) of the 127 RSV-positive infants aged under 1 year of age, which was the case in most of our patients. The monthly incidence of bronchiolitis in infants due to common respiratory pathogens is shown in [Figure 2](#fig2-2333794X17714378){ref-type="fig"}. The majority of the cases were admitted to hospital in the winter time with a peak occurring in January, February, and March; detection rates were also high during these months (26.2%, 25.3%, and 17%, respectively). Other respiratory virus epidemics were seen also during the winter season ([Figure 3](#fig3-2333794X17714378){ref-type="fig"}). Fifteen cases infected with parainfluenza virus, adenovirus, and human bocavirus were seen in the summer time.

###### 

Respiratory Pathogens Identified in Infants With Acute Bronchiolitis.

![](10.1177_2333794X17714378-table3)

  Pathogen                      n (%)        Sole Pathogen, n (%)
  ----------------------------- ------------ ----------------------
  Respiratory syncytial virus   127 (40.1)   76 (59.8)
  Rhinovirus                    78 (24.6)    35 (44.8).
  Influenza virus               28 (8.8)     10 (35.7)
  Human metapneumovirus         27 (8.5)     11 (40.7)
  Adenovirus                    23 (7.2)     7 (30.4)
  Human bocavirus               20 (6.3)     7 (35)
  Parainfluenza virus           18 (5.6)     8 (44.4)
  Human coronavirus             10 (3.1)     2 (20)

![The age distribution of respiratory syncytial virus, rhinovirus, adenovirus, and dual infections.](10.1177_2333794X17714378-fig1){#fig1-2333794X17714378}

![Monthly distribution of infants with acute bronchiolitis.](10.1177_2333794X17714378-fig2){#fig2-2333794X17714378}

![Monthly distribution of respiratory viruses.](10.1177_2333794X17714378-fig3){#fig3-2333794X17714378}

Discussion {#section9-2333794X17714378}
==========

The current study of the infants hospitalized with bronchiolitis has proved once again that AB is an important cause of hospitalization in infants, mostly younger than 6 months of age. Using multiplex real-time PCR technique we demonstrated that at least one respiratory viral pathogen was responsible for bronchiolitis in 75% of our cases.

Various studies have shown that RSV is the most common etiologic pathogen with a rate of 50% to 80%.^[@bibr18-2333794X17714378]^ Almost 30% to 40% of cases are related to other viruses including adenovirus, coronavirus, parainfluenza, influenza, and rhinovirus. In recent years, new human respiratory viruses like human metapneumovirus, human bocavirus, and new human coronaviruses have also been reported as possible pathogens causing AB.^[@bibr19-2333794X17714378]^ Today, various viral diagnostic tests allow us to examine the epidemiological differences/clinical characteristics of respiratory viruses and to provide information on their presence. Multiplex PCR has been the most commonly used method due to some significant advantages like permitting simultaneous amplification of several viruses in a single reaction and facilitating cost-effective diagnosis.^[@bibr20-2333794X17714378]^ In this study, we evaluated via multiplex PCR technique the variety and burden of viral agents causing AB in infants under 24 months of age.

The findings are in agreement with the results of several studies previously reported, in which RSV was diagnosed in 50% to 80% of infants admitted to hospital with acute bronchiolitis.^[@bibr21-2333794X17714378][@bibr22-2333794X17714378][@bibr23-2333794X17714378][@bibr24-2333794X17714378][@bibr25-2333794X17714378]-[@bibr26-2333794X17714378]^ RSV was the most common virus identified in 127 infants (40.1%) in our study. Stempel et al^[@bibr26-2333794X17714378]^ showed that RSV incidence was 77%, and Antunes et al^[@bibr27-2333794X17714378]^ found this as 58.1% in the RSV epidemic season. In our study, RSV was the most frequently identified respiratory virus, accounting for 40.1% of all respiratory viruses. In addition, 24.6% of the infants in our study were positive for rhinovirus, followed by influenza virus (8.8%), human metapneumovirus (8.5%), adenovirus (7.2%), human bocavirus (6.3%), parainfluenza virus (5.6%), and human coronavirus (3.1%). Human rhinoviruses are the most common human respiratory pathogens and are responsible for most upper respiratory infections (eg, common cold). They may also cause severe lower respiratory tract infections, including pneumonia and bronchiolitis.^[@bibr28-2333794X17714378]^ Additionally, human rhinoviruses are known as a major pathogen for asthma exacerbations in children and adults. Recently, some studies have shown rhinoviruses to be the second most commonly seen pathogen for AB. A study conducted in the United States found a prevalence of 25.6% for rhinovirus,^[@bibr25-2333794X17714378]^ similar to our study. However, other studies reported a lower incidence rate of human rhinoviruses in acute bronchiolitis.^[@bibr24-2333794X17714378],[@bibr29-2333794X17714378],[@bibr30-2333794X17714378]^

Our study showed that the respiratory viral agents exhibited seasonal patterns with the number of RSV and rhinovirus cases peaking in the winter season similar to that already published in previous studies.^[@bibr31-2333794X17714378]^ It has been reported that the seasonal distribution of respiratory agents may occur due to meteorological conditions, spreading of infectious pathogens, and pathogen transmission by the host behavior due to different meteorological conditions.^[@bibr32-2333794X17714378],[@bibr33-2333794X17714378]^ Another important theory on pathogen activity is total sunshine exposure. It is hypothesized that ultraviolet light radiation could affect the spread of RSV by inactivating it.^[@bibr33-2333794X17714378],[@bibr34-2333794X17714378]^ The city of Izmir in Turkey, located in the west, has Mediterranean climate in which summers are hot and dry and winters are warm and rainy. This climatic feature could explain the seasonal pattern of respiratory viruses in our study.

In keeping with previous studies, we found that the respiratory viruses could occur as co-infection with other respiratory viruses, within a range of 19% to 35% dual, triple, or more, dual being the most frequent.^[@bibr26-2333794X17714378],[@bibr35-2333794X17714378]^ Ong et al^[@bibr36-2333794X17714378]^ showed in their study that RSV bronchiolitis associated with other pathogens was present in 10% of the infants. In a multicenter study, it was reported that the co-infection rate was 9%.^[@bibr25-2333794X17714378]^ A study by Papadopoulos et al^[@bibr37-2333794X17714378]^ stated that 19.5% of 119 infants were dual-infected, 69% of whom had RSV together with rhinovirus. In this study, we identified co-infection in 81 (25.6%) infants with bronchiolitis, and more than half of 25.6% showed the same dual combination.

In the 1960s, it was reported that the mortality in infants less than 1 year of age diagnosed with bronchiolitis was 4% to 7% for those who were born prematurely and who had an underlying cardiopulmonary disease or immunodeficiency.^[@bibr11-2333794X17714378]^ Today, the mortality rate of AB is low due to the fact that the infants are monitored by some preventive measures such as palivizumab and improved health services. However, there is an increase in the number of infants applying to hospital and hospitalization. Hall et al^[@bibr38-2333794X17714378]^ reported that the yearly incidence of hospitalization due to RSV bronchiolitis for infants aged under 6 months was 17, emergency department visits were 55, and office visits were 132 per 1000 children. Our study has a number of limitations. First, we only investigated the hospitalized patients with acute bronchiolitis, and not the infants who applied to the emergency services or outpatients policlinics, so our study group was small in number. Second, we did not identify other possible agents such as atypical or bacterial pathogens that could cause acute bronchiolitis. Third, a 3-year study period was not adequate compared to other long-term studies.

Conclusions {#section10-2333794X17714378}
===========

Our study showed that the causative agents of acute bronchiolitis are quite varied in inpatient infants in Ege University Children's Hospital during a period of 3 years. Molecular diagnostic techniques uncovered a high frequency of viruses and viral combination infections among patients hospitalized with AB. RSV remains the most frequent causative pathogen, followed by rhinovirus. Even if the results of diagnostic methods for RSV show that the most common pathogen is single, multiple viral infections should also be considered for AB. The present study also emphasized the potential significance of other viruses such as influenza virus, human metapneumovirus, adenovirus, human bocavirus, parainfluenza virus, and human coronavirus in infants hospitalized with acute bronchiolitis, as sole or co-pathogen.
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